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ABSTRACT
We present the results from a study of the timing properties and the energy
spectrum of the radio-quiet quasar PG 0804+761, based on monitoring RXTE/PCA
observations that lasted for a year. This is a systematic study of the X–ray variations
on time scales of weeks/months of the most luminous radio-quiet quasar studied so
far. We detect significant variations in the 2−10 keV band of an average amplitude of
∼ 15%. The excess variance of the light curve is smaller than that of Seyfert galaxies,
entirely consistent with the relationship between variability amplitude and luminosity
defined from the Seyfert data alone. The power spectrum of the RXTE light curve
follows a power-like form of slope ∼ −1. However, when we extend the power spectrum
estimation at higher frequencies using archival ASCA data, we find strong evidence
for an intrinsic steepening to a slope of ∼ −2 at around ∼ 1 × 10−6 Hz. This “break
frequency” corresponds to a time scale of∼ 10 days. The time-average energy spectrum
is well fitted by a Γ ∼ 2 power law model. We also find evidence for an iron line at
∼ 6.4 keV (rest frame) with EW ∼ 110 eV, similar to what is observed in Seyfert
galaxies. The flux variations are not associated with any spectral variation. This is
the only major difference that we find when we compare the variability properties of
PG 0804+761 with those of Seyfert galaxies. Our results support the hypothesis that
the same X–ray emission and variability mechanism operates in both Seyfert galaxies
and quasars.
Key words: galaxies: active – galaxies: quasars: individual: PG 0804+761 – X-rays:
galaxies
1 INTRODUCTION
X–ray emission is a universal property of active galactic nu-
clei (AGN). The X–rays are known to be variable in all cases
where sufficient signal-to-noise ratio and sampling have been
obtained. EXOSAT first showed systematically that the X–
ray emission of AGN was variable, with the most convincing
demonstration of this being the “long looks” (Lawrence et
al. 1987, McHardy & Czerny 1987). The data showed no
characteristic time-scales, and the power spectral density
function (PSD) showed a “red-noise” spectrum. Lawrence
& Papadakis (1993) showed that the AGN PSDs were con-
sistent with a single power law form and an amplitude which
decreases with luminosity. Similar results were obtained by
Green, McHardy & Lehto (1993). The anticorrelation be-
tween variability amplitude and luminosity was later con-
firmed by ASCA (Nandra et al. 1997).
Further progress in the study of the longer-term X–ray
variability has been afforded by RXTE which has shown
a flattening of the PSD at lower frequencies (Edelson &
Nandra 1999, Pounds et al. 2001, Uttley, McHardy & Pa-
padakis 2002, Markowitz et al. 2003). The results so far
suggest that the AGN power spectra are similar (both in
shape and fractional rms amplitude) to those of Galactic
black–hole X–ray binaries, like Cyg X–1, except that charac-
teristic time-scales are “shifted” to much lower frequencies.
This raises the possibility that the PSDs may scale with the
black hole mass. If this is the case, then the apparent an-
ticorrelation between variability amplitude and luminosity
could be in fact a positive correlation between luminosity
and variability time-scale. If the AGN PSD shift to lower
frequencies as the luminosity increases, the amplitude on
a fixed time-scale would reduce. Therefore, in order to ob-
serve large amplitude variations in high-luminosity sources,
we should sample longer time-scales. Consequently, quasars,
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being the high-luminosity counterparts of Seyfert galaxies,
should show strong variability on time-scales of months-
years.
In order to investigate the X–ray variability properties
of high luminosity AGN, we performed RXTE monitoring
observations of the X–ray bright, radio-quiet quasar PG
0804+761 in the period between March 2000 - March 2001.
The resulting dataset provides a systematic study of the
X–ray variations of the most luminous radio-quiet quasar
studied so far. The source is one of the brightest radio-quiet
quasars which have been observed by ASCA. It has shown
significant variations (although of low amplitude) during a
∼ 1 day long ASCA observation. The energy spectrum was
well fitted by a simple power law model with a slope of
Γ ∼ 2.2, while no significant Fe K-shell emission was de-
tected (George et al. 2000).
In this work we study the long term X–ray variabil-
ity of PG 0804+761 in terms of simple statistics like the
rms excess variance, and by measuring its 2–10 keV PSD.
We compare our results with those from similar studies of
Seyfert galaxies, and with the variability results from the
ASCA observation of the source. We also study the energy
spectrum of the source, and investigate any spectral varia-
tions and their relationship to the flux.
2 OBSERVATIONS AND DATA REDUCTION
RXTE observed PG 0804+761 with the Proportional
Counter Array (PCA) every ∼ 3 days between March 07,
2000 and March 03, 2001. Individual observations lasted typ-
ically ∼ 1 − 2 ksec in all cases. The total number of obser-
vations is 126 and the overall exposure time is 157 ksec. We
used FTOOLS v5.2 for the reduction of the PCA data. Data
were collected from the proportional counter unit 2 (PCU2)
which was switched on during almost all of the observations.
PCU0 was also switched on in most cases, however, due to
the loss of the propane layer in May 2000 we do not include
data from this unit in our analysis. Spectra and light curves
were extracted from the top Xenon layer data. We consider
only STANDARD-2 data, using “good time intervals” deter-
mined according to the following criteria: target elevation
> 10◦, pointing offset < 0.02◦, and ELECTRON2 < 0.1.
We calculated background data using the tool PCABACK-
EST v3.0 and the new “CM” models to generate background
model files.
Light curves binned to 16 sec were generated for the
source over the 2− 10, 2− 5, and 5− 15 keV bands, where
the PCA is most sensitive and the background models are
best quantified. The light curves were then re-binned using
a 3 day bin size, resulting in evenly spaced light curves. The
difference between the mid-point of each bin and the actual
observation time of the corresponding points is very small in
all cases (typically only a few percent of the 3 day separation
between successive points in the light curve) and will have
negligible impact on our results. There are a few “missing
points” in the resulting light curves which correspond to
those observations when PCU2 was not switched on. The
final number of points in each light curve is 121, with 6
missing points (less than 5% of the total number of points).
We accounted for them using linear interpolation, adding
the appropriate random noise to each point.
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Figure 1. The background subtracted 2-10 keV light curve of
PG 0804+761. Time is measured in days since the beginning of
the monitoring observations. The source shows significant flux
variations on time-scales as short as ∼ a few days.
All the observations were done during a period when
no major gain change was applied to PCA. However, we
extracted light curves individually for the data prior and
after May 13, 2000 (the date of the propane layer loss of
PCU0). We used the appropriate channel boundaries in or-
der to extract the same energy band light curves for both
data sets, following the relevant information in the “channel-
to-energy” table at the RXTE web pages.
3 THE 2− 10 KEV FLUX VARIABILITY
3.1 Basic variability properties
Fig. 1 shows the 2−10 keV light curve of the source. Signif-
icant variations can be observed on all sampled time-scales.
During most of the monitoring period the source flux varies
around the ∼ 1.2 counts/sec level, typically with an ampli-
tude of ∼ 5 − 30%. During the last 2 − 3 months of the
observation the count rate gradually decreased. First, fol-
lowing Nandra et al. (1997), we parametrized the observed
variability by the “excess variance” normalized to the mean
count rate square (σ2rms). This quantity is a measure of the
integrated normalised PSD of the source over frequencies
between the lowest and highest sampled frequencies (in our
case 1/(363 days)∼ 3× 10−8Hz, and 1/(3 days)∼ 3 × 10−6
Hz, respectively). We find σ2rms = 0.021, which implies that
the average variability amplitude of the source is ∼ 15% of
the average count rate.
As a first comparison between the variability prop-
erties of PG 0804+761 and Seyfert 1 galaxies, in Fig. 2
we show σ2rms plotted against the 2 − 10 keV luminosity
for PG 0804+761 and the nine Seyfert galaxies studied by
Markowitz & Edelson (2001). The normalized excess vari-
ance for these galaxies was estimated from RXTE 2−10 keV
light curves which had a duration of 300 days. Consequently,
they can be compared directly with the PG 0804+761 σ2rms
value estimated in this work. The X–ray luminosities (LX)
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Figure 2. The RXTE excess variance of nine Seyfert galaxies
(open circles) and PG 0804+761 (filled circle) plotted as a func-
tion of the source 2 − 10 keV luminosity. The dotted line shows
the best-fitting power-law model to the data.
of the Seyfert galaxies were taken from Markowitz & Edel-
son (2001), while the 2−10 keV luminosity of PG 0804+761
is estimated as explained in Section 4.
Fig. 2 shows that the PG 0804+761 measurement agrees
very well with the correlation between LX and σ
2
rms as de-
termined by the Seyfert data alone. Thus while the vari-
ability of PG 0804+761 exhibited in Fig. 1 is dramatic,
the amplitude of variations is smaller than that of Seyferts,
and fits in precesly with our expectations. When we fit
all the data shown in this figure with a power law-model
of the form σ2rms ∝ L
−α
X , the best fitting slope value is
α = 0.30 ± 0.02. This is consistent with the best fitting
slope found by Markowitz & Edelson (2001), using only the
Seyfert 1 data.
3.2 The 2− 10 keV PSD
As a next step in our study of the X–ray variability of PG
0804+761, we computed the PSD using the interpolated, 3-
day binned, 2− 10 keV light curve. First, we computed the
periodogram (normalized to the mean count rate square) as
in Papadakis & Lawrence (1993). Then, we calculated the
logarithm of the priodogram estimates, grouped them into
bins (with either 10 or 20 points per bin - see below), and
computed their average value in each bin. The filled circles
in Fig. 3 show the RXTE 2− 10 keV PSD of PG 0804+761
(when using a bin size of 10) calculated by this method.
There are no obvious features or periodicities, though ad-
mittedly the frequency resolution of the PSD is poor. We
have parametrized the spectrum using a power-law model of
the form, P (ν) ∝ ν−a. The Poisson noise level is very low.
This is immediately obvious from an inspection of the error-
bars in Fig. 1, which are very small when compared to the
amplitude of the observed variations. Indeed the best fitting
power law index is consistent whether or not Poisson noise
is accounted for in the fir. The best fitting power law index
for the fit without Poisson noise is a = 0.72 ± 0.15, (errors
represent the 68% confidence regions for the model param-
eters and were computed using the prescription of Lamp-
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Figure 3. The 2-10 keV PSD of PG 0804+761 estimated using
the RXTE monitoring data presented in this work (filled circles)
and the full energy band (0.5 − 10 keV) ASCA data. The open
circle corresponds to the PSD level using 5760-sec binned ASCA
light curves, and the open diamond points show the high fre-
quency ASCA PSD, eastimated using 16-sec binned light curves.
The thin solid line plotted on top of the high frequency ASCA
PSD shows the expected Poisson power level. The best fitting
power law model to the RXTE PSD is plotted with the tick solid
line, while the dashed line shows its extrapolation to higher fre-
quencies. The dot-dashed line simply connects the high frequency
part of the RXTE PSD with the “intermediate-frequency” ASCA
PSD. The long dashed line shows a power spectrum with slope of
−1.5 which connects the lowest frequency estimate of the RXTE
PSD and the ASCA intermediate-frequency power estimate. The
thin solid line on top of the long dashed line shows the same
power spectrum with aliasing effects and the contridution of the
Poisson power level taken into account (see text for details).
ton, Margon & Bowyer, 1976). The best fitting power-law
model is shown in Fig. 3 as the thick solid line. Its slope is
much flatter than the typical value inferred by Lawrence &
Papadakis (1993) from the analysis of EXOSAT data of a
Seyfert 1 galaxies, or of single power law fits to RXTE PSDs
od Seyferts (Uttley et al. 2002; Markowitz et al. 2003).
Note that the model fitting was performed using the
PSD shown in Fig. 3, i.e. the 10-binned logarithmic peri-
odogram estimates. Although a bin size of at least 20 is
needed for the final PSD estimates to have the necessary
properties for a χ2 model fitting (Papadakis & Lawrence,
1993), the small bin size choice was motivated by the need
to increase the frequency resolution of the spectrum, which
is required to estimate reasonable errors for the best-fitting
parameter values. We caution that this may introduce some
systematic error, but note that power-law model fit to the
20-binned logarithmic periodogram estimates yields similar
best-fitting parameter values, but with a larger uncertain-
ties.
In order to investigate the high frequency PSD and
compare it with the long term PSD, we obtained ASCA
data for PG 0804+761 from the TARTARUS database. PG
0804+761 was observed with ASCA for ∼ 89 ksec on Novem-
ber 11, 1997. In order to maximise the signal-to-noise ratio
of the ASCA data, we used the full energy band (i.e. 0.5−10
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keV) GIS and SIS light curves. This is different to the RXTE
data, but we justify our choice by the fact that in the hard
and soft X-ray emission is strongly correlated, both in gen-
eral and specifically in this case. We discuss the impact of
this choice of energy band on our conclusions later. Because
of the earth occultation gaps, the estimation of the PSD
for the ASCA light curves is complicated. First, we used 16
sec binned light curves to compute the high frequency PSD.
There are 19 and 13 parts in the GIS and SIS light curves,
respectively, with duration between ∼ 1 − 3 ksec and no
gaps in them. For each part we computed the periodogram.
Then we combined all 32 periodograms into one file, sorted
the periodogram estimates in order of increasing frequency,
calculated their logarithm, grouped them into bins of 50,
and computed their average value at each bin. We caution
that in this way we introduce a systematic bias in the esti-
mation of the source power spectrum, as many parts of the
GIS and SIS light curves overlap in time. As a result, the
source variability will be identical between these parts, and
in principle, the respective periodograms should not be com-
bined. However, this effect has minimal impact on our re-
sults, as the high frequency PSD, calculated by this method,
shows no evidence of the intrinsic source power spectrum.
The PSD, shown in Fig. 3, is flat and consistent with the ex-
pected with the Poisson noise power level (shown with the
thin solid line in the same figure). This result shows that
the high frequency variations are entirely dominated by the
Poisson noise process.
To estimate an “intermediate-frequency” PSD we used
5760 sec binned GIS and SIS light curves. The use of the
approximate ASCA orbital period as the bin size results in
an evenly sampled light curves with 16 points in each one of
them. We computed the periodogram of both light curves,
combined them into one file, sorted the periodogram esti-
mates in order of increasing frequency, subtracted the ex-
pected Poisson noise level and grouped them into one bin of
size 16. In Fig. 3, with the open circle point, we show the
resulting PSD estimate. In a way, this point should be con-
sidered as the average normalized source power level over the
sampled frequency range of 10−5 − 10−4 Hz. As mentioned
in the previous paragraph, the use of light curves overlaping
in time (like the GIS and SIS light curves in our case) can
introduce a systematic bias in the estimation of the source
PSD. For that reason, we re-computed the 10−5 − 10−4 Hz
source power level using the SIS light curve alone. The result
is very similar to what we obtain when we use both the SIS
and GIS light curves, so any bias has a very small effect on
our result.
Note that in Fig. 3 the high frequency PSD includes
the Poisson noise process contribution; it is not possible
to measure the intrinsic PSD at these frequencies, as its
amplitude is much smaller than the amplitude of the Pois-
son power level. On the other hand, the “intermediate-
frequency” power level corresponds to the source power only
(i.e. with the experimental noise contribution subtracted).
Fig. 3 shows clearly that the RXTE PSD is not con-
sistent with the higher frequency PSDs, estimated from the
ASCA data. The low frequency PSD normalization is much
larger that what would be expected from a simple extrap-
olation of the ASCA PSD to lower frequencies. The dis-
crepancy becomes clearer if we extrapolate the RXTE PSD
best-fitting power-law model to higher frequencies (dashed
line in Fig. 3). If the RXTE PSD is representative of the
“true”/intrinsic source power spectrum, and this spectrum
extends all the way up to ∼ 10−2 Hz, then we should ob-
serve significant variations in the ASCA light curves even on
time-scales as short as ∼ 100 sec.
3.3 Systematic uncertainties
The main source of systematic uncertainties in the estima-
tion of the RXTE PSD is the possibility of residual back-
ground variations that may have not been taken into account
by the background models and are present in the 2 − 10
keV light curve. However, simultaneous RXTE and XMM-
Newton observations of a few Seyfert galaxies during the pe-
riod covered by our observations show an excelent aggrement
between the RXTE PCU2 and the XMM-Newton count rate
(e.g. see Mason et al. 2002, in the case of NGC 4051). Fur-
thermore, the difference between the nornmalization of the
RXTE and ASCA PSDs is larger than ∼ 2.5 orders of mag-
nitude. If we were to decrease the low-frequency PSD nor-
malisation by that large amount, the resulting σ2rms mea-
surement would be entirely inconsistent with the relation be-
tween σ2rms and Lx, as determined by the Seyfert 1 data (see
Fig. 2). Finally, the PCA team estimation of the “unmod-
elled variance in (the observed background light curve) resid-
uals after subtracting the known (background) model com-
ponents” is σ ∼ 7− 9 × 10−4 (cnts/sec)2, for PCU2, epoch
4 and 5 (see the discussion in C. Markwardt’s documen-
tation web page: lheawww.gsfc.nasa.gov/users/craigm/pca-
bkg/bkg-users.html). Therefore, since the mean value of the
PG 0804+761 2 − 10 keV light curve is 1.1 cnts/sec, the
residual background contribution to σ2rms may be up to
∼ 7 × 10−4, or up to ∼ 3.5% of the PG 0804+761 σ2rms.
This effect cannot account for the difference between the
low and higher frequency PSD shown in Fig. 3.
“Red-noise” and “aliasing” effects could be another pos-
sible source of uncertainty in the estimation of the RXTE
PSD. Since our results indicate that there is no significant
amount of power at high frequencies, aliasing effects should
not be significant. In order to verify that this is the case,
we considered the case of a power spectrum with a −1.5
slope and an amplitude such that the PSD is consistent
with the lowest frequency estimate of the RXTE power spec-
trum and the ASCA intermediate-frequency estimate (long
dashed line in Fig. 3). Since the observed light curve is al-
most evenly sampled, the aliased power at each sampled
frequency can be estimated easily (see e.g. section 7.1.1 in
Priestley, 1989). The aliased power spectrum, including the
Poisson noise contribution, is also shown in Fig. 3 (thin solid
line below the RXTE PSD) and does not fit well the RXTE
power spectrum. In fact, we find that no power-law model,
consistent with the intermediate-frequency ASCA power es-
timate, can fit well the RXTE PSD when we include aliasing
effects. On the other hand, in the case of red noise effects,
even if the intrinsic PSD continues with a power law slope
of ∼ −1 down to frequencies as low as ∼ 10−8 Hz (i.e. a
time-scale ∼ 10 times longer than the length of the RXTE
light curve) the amount of power that will be transferred to
the observed frequency range cannot justify the discrepancy
of the 2.5 orders that we observe between the RXTE and
ASCA PSDs (e.g. Papadakis & Lawrence, 1995).
We then investigated the possibility that the PG
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0804+761 PSD varies with time (i.e. the X–ray variabil-
ity process is non-stationary). For that reason, we divided
the RXTE light curve in two parts, and computed the peri-
odogram for each one. The two periodograms look very sim-
ilar, almost identical, both in shape and amplitude. This re-
sult implies that the PSD remained roughly constant during
the ∼ 1 year long RXTE monitoring observations. Therefore
it seems rather unlikely that the large PSD amplitude dif-
ference between the ASCA and RXTE observations (which
are separated by 2.5 years only) is caused by intrinsic PSD
normalization variations.
Another possible source of error is that we have de-
termined the RXTE and ASCA PSDs in different energy
bands. Specifically, the ASCA PSD was determined with a
softer energy band. Even though the soft and hard X-rays
are generally well correlated in AGN, and are in this case,
this may be problematic because the PSD can be energy
dependent. For example, Vaughan, Fabian & Nandra (2003)
found a slope difference of ∼ 0.2− 0.3 in the case of MCG -
6-30-15. Obviously this could affect the results in detail, but
we note that this difference is not sufficient to explain the
discrepancy between the RXTE and ASCA power spectra
shown in Fig. 3. Furthermore, we expect the hard band to
show less integrated power in the frequency than the soft
band, and hence be even more discrepant with the extrap-
olation of the RXTE PSD. This is confirmed by analysis
of the excess variance of the ASCA light curve, with the
0.5-2 keV ASCA light curve σ2rms = 1.1×10
−3 compared to
σ2rms = 7.5×10
−4 in the 2-10 keV band. The bandpass effect
would therefore cause an even greater discrepancy between
the ASCA and RXTE PSDs. We have tested this explicitly
by calculating the ASCA 2-10 keV PSD. While this is ad-
mittedly quite noisy it still lies way below an extrapolation
of the RXTE power.
We conclude that, although existing uncertainties in the
background modeling of the RXTE background may affect
to some extend the shape and/or amplitude of the RXTE
PSD, the large difference between the RXTE and ASCA
PSDs shown in Fig. 3 implies the presence of an intrinsic
feature in the PSD. It seems that the PG 0804+761 X–ray
PSD follows a ∼ −1 power-law shape up to ∼ 1× 10−6 Hz,
and then steepens to a slope of ∼ −2 (this “broken power-
law form” is shown with the dot-dashed line in Fig. 3). This
“characteristic break frequency” corresponds to a time-scale
of ∼ 12 days.
4 THE ENERGY SPECTRUM
In order to maximize the signal-to-noise ratio, we considered
only the time-averaged spectrum for the RXTE monitoring
observations. We used the latest response matrix generator
in FTOOLS v5.2 in order to generate 12 matrices, one for
each month of the monitoring period. The appropriate detec-
tor matrix for the spectrum was created by averaging these
matrices. We used XSPEC v11.2.0 to perform the spectral
fitting analysis, and the errors on the best-fitting parame-
ter values correspond to the 68% confidence limits. Finally,
we kept data up to 15 keV, and excluded data below 3 keV
for the spectral analysis due to the uncertainties associated
with the calibration of the softest PCA channels.
First, the spectrum was compared to a simple model
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Figure 4. Ratio of data/model when a simple “power law plus
absorption from neutral material at the redshift of the quasar”
model spectrum is fitted to the PG 0804+761 spectrum. The
presence of an iron line at ∼ 6 kev is obvious in the residuals.
of a single power law, absorbed by neutral material at the
redshift of PG 0804+761 (z = 0.1). This model provides
an adequate description of the data (χ2 = 31.5, for 24 dof,
prob=0.14). The ratio “data/model” is shown in Fig. 4. This
figure reveals clearly the presence of an iron line feature at
energies ∼ 6 keV. At energies > 10 keV, the residuals appear
to be noisy, with no obvious systematic trend with energy.
The combination of a power law and a Gaussian emis-
sion line (plus a natural material absorption component) re-
sults in a better fit to the spectrum (χ2 = 24.1, for 22 dof).
However, use of the F–test indicates that the improvement
to the goodness of fit is not statistically significant. The best
fitting spectral index is Γ = 2.10+0.12−0.10 , consistent with the
results of George et al. (2000) who find Γ = 2.18+0.02
−0.03 . The
iron line is not resolved, but the upper limit of 1.36 keV
(σ) provides no constraint on its origin. The line’s best fit-
ting energy is 6.46+0.31
−0.29 keV in the rest frame of the quasar,
while the equivalent width is EW = 110± 64 eV. The best
model fitting unabsorbed 2 − 10 keV flux is 1.44 × 10−11
erg cm−2 s−1, and the corresponding X–ray luminosity is
LX = 2.4 × 10
44 ergs/s (assuming H0 = 75 Mpc km
−1 s,
q0 = 0.5).
The best-fitting model together with the observed spec-
trum and the residuals plot is shown in Fig. 5. The model
describes the overall shape of the spectrum quite well. There
appears to be no systematic deviation of the data points with
energy, which could imply the presence of an extra compo-
nent in the spectrum. A possibly origin of the iron line is in
relatively cool optically thick gas, in which case we expect it
to be accompanied by a hard reflection continuum (e.g. Nan-
dra & Pounds 1994). We therefore fitted with the XSPEC
PEXRAV model (Magdziarz & Zdziarski 1995), which ac-
counts for this “Compton reflection”, plus a Gaussian line.
This model does not provide a significantly better fit to the
spectrum (χ2red = 23.9, for 21 dof). The best fitting spectral
index, line energy and EW values are almost identical to the
values we find from the previous model, with a best-fitting
reflection fraction value of R ∼ 0.3. The 90% confidence up-
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Figure 5. The RXTE spectrum of PG 0804+761 fitted with a
“power law plus Gaussian and absorption from neutral material
at the redshift of the quasar” model. The lower panel plot shows
the model fitting residuals i.e. (data-model)/σ, as a function of
energy (see text for details).
per limit (for one interesting parameter, i.e. ∆χ2 = 2.7) was
R = 1.6, however, which is consistent with line equivalent
width and therefore an origin for the line in optically thick
gas.
4.1 Spectral variability
Apart from the fast, large amplitude intensity variations,
Seyfert galaxies often show flux related spectral variations
as well. In order to investigate the spectral variability prop-
erties of the source, we used RXTE light curves in the 2− 5
and 5 − 15 keV bands, we computed the hardness ratio,
HR = C5−15keV /C2−5keV , and produced a colour-flux dia-
gram (C2−5kev and C5−15kev represent the count rate in the
respective energy bands). The two energy bands should be
representative of the primary continuum mainly, as there is
no indication of a reflection component in the energy spec-
trum, and the iron line emission is not very strong even in
the time-average spectrum, so its contribution in the 5− 15
keV band during each individual observation should not be
significant. Consequently, the HR values should be sensitive
to the continuum shape variations mainly.
In Fig. 6 we plot the hardness ratio as a function of the
2 − 10 keV count rate, normalised to the mean count rate.
The points in this plot cluster in a well-defined, “continu-
ous” region rather than forming a scatter diagram or filling
separate “islands”. Therefore, we are certain that we have
observed all the intermediate flux sates between the highest
and lowest flux state of the source in the RXTE light curves.
The open circle points correspond to the average HR values
in flux bins which contain 20 points each.
There is no obvious colour-flux trend in Fig. 6. This be-
comes clear when we consider the average HR values (open
circle points in Fig. 6) which do not suggest any flux related
variation. When we fit the data with a power-law function
(HR ∝ Cb) or a linear relationship (HR = α+b×C), we find
b ∼ 0. The solid line in Fig. 6 corresponds to the weighted
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Figure 6. Hardness ratio values as a function of the normalized
2− 10 keV count rate. Open circles show the average HR values
in flux bins which include 20 data points. The solid line shows
the average HR value.
mean HR value. This line provides a good fit to the data
(χ2 = 105.3 for 114 dof). We conclude that PG 0804+761
shows no spectral variations. The flux variations correspond
to energy spectrum normalization variations with constant
shape.
This is different from what is observed in Seyfert galax-
ies. For example, Papadakis et al. (2002) study the spectral
variability properties of 4 Seyfert galaxies using ∼ 3 year
long, RXTE light curves. Since we have used normalized
2 − 10 keV values, Fig. 6 can be compared directly with
the plots in Fig. 3 of Papadakis et al., which show color-
flux plots sensitive to variations of the continuum shape
mainly. All Seyfert galaxies show significant spectral vari-
ations which are correlated with the source flux state: as
the flux increases, the spectrum softens (as the dashed lines
in their plots indicate). Typically, ∆Γ variations of the order
of ∼ 0.2− 0.3 are observed for maximum peak-to-peak vari-
ations by a factor of ∼ 3 − 5. Although the flux variability
amplitude of PG 0804+761 is smaller than the respective
amplitude of the Seyfert galaxies, we should be able to de-
tect similar spectral variations, if existed, in the case of PG
0804+761 as well.
5 DISCUSSION AND CONCLUSIONS
We have presented a detailed temporal and spectral anal-
ysis of the 1 year RXTE monitoring observations of PG
0804+761. Significant variations are observed in the 2 − 10
keV band. The variability amplitude of the source (as indi-
cated by the 2−10 keV σ2rms) is smaller than the variability
amplitude of Seyfert galaxies, exactly as expected from the
σ2rms vs LX relation defined from the Seyfert data alone.
We have presented a power spectrum analysis of the X–ray
light curve, for the case of the most luminous radio-quiet
quasar studied so far. The X–ray PSD follows a power-law
like form, with a slope of ∼ −1. When combined with higher
frequency PSD measurements based on ASCA data, a strong
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PSD break (to a slope of ∼ −2) is implied at ∼ 1 × 10−6
Hz. The energy spectrum is well fitted by a Γ ∼ 2 power law
model plus a Gaussian line at ∼ 6.4 keV with EW ∼ 110
eV. Finally, we find that the fast intensity variations are not
associated with significant spectral variations as well. We
discuss below these results in some detail.
5.1 The PSD break
The most significant result of the power spectrum analysis is
that, although the RXTE PSD does not show any character-
istic time-scales, its combination with the ASCA PSD, im-
plies a significant, strong break at ∼ 1×10−6 Hz. This break
suggests the presence of a characteristic time-scale in the
system of the order of ∼ 12 days. As we discussed in Section
3.2, we believe that this break is almost certainly real, i.e. it
represents an intrinsic feature in the PSD of PG 0804+761.
Due to the fact that, at present, the PG 0804+761 PSD is
poorly defined, we cannot determine accurately neither the
position of the break nor the exact shape of the PSD. Nev-
ertheless, the available data (shown in Fig. 3) are consistent
with the hypothesis of a PSD steepening from a slope of
∼ −1 to ∼ −2 above the break.
Long term, RXTE observations have recently revealed
the presence of similar frequency breaks in the PSDs of a few
Seyfert galaxies as well (Edelson & Nandra, 1999; Pounds et
al. 2001; Uttley et al. 2002, Markowitz et al. 2003). Both the
excellent agreement of the PG 0804+761 σ2rms/LX measure-
ment with the σ2rms vs LX relationship defined for Seyfert
galaxies, and the similarity between the shape of its overall
PSD with the power spectra of other Seyfert galaxies sup-
port the idea that that the same variability process operates
in both Seyfert galaxies and quasars.
It is interesting to compare the ratio of the break time-
scales and black hole mass between PG 0804+761 and the
Seyfert galaxies studied by Markowitz et al. (2003). These
authors find that the 2 − 10 keV PSD of three Seyfert 1
galaxies, namely NGC 3783, NGC 3516 and NGC 4151,
shows a steepening from a −1 to a −2 slope at 4 × 10−6
Hz, 2× 10−6Hz, and 1.3× 10−6 Hz, respectively. The black
hole mass of these three objects is 1.1 × 107 M⊙ (Kaspi et
al. 2000), 1.7 × 107 M⊙ (Onken et al. 2003) and 1.2 × 10
7
M⊙ (Kaspi et al. 2000), respectively. According to Kaspi
et al. (2000), the black hole mass of PG 0804+761 is ∼
1.6× 108 M⊙. Assuming that the PG 0804+761 PSD shows
a break frequency at 1 × 10−6, then, on average, we find
that νbf (Seyferts)/νbf (PG 0804+761)∼ 2.5 while MBH(PG
0804+761)/MBH (Seyferts) ∼ 12. If we take account of the
uncertainties associate with the determination of both νbf
and MBH , we believe that this result is consistent with the
hypothesis that the characteristic time-scales scale linearly
with the black hole mass in Seyfert galaxies and quasars.
We would like to stress the fact that the detection of
a break frequency in the PSD of PG 0804+761 is only sug-
gestive at the moment. More data are needed in order to
estimate better the overall PSD for PG 0804+761 and mea-
sure accurately νbf . However, we think it is rather remark-
able that the present results are consistent with the hy-
pothesis of a linear relation between break time-scale and
MBH in Seyferts and quasars. This result becomes even
more remarkable if we also consider the similarity in the
PSD shape and the linear mass-time-scale linear relation
between Seyfert and Galactic X–ray black hole binaries sug-
gested by Edelson & Nandra (1999), Uttley et al. (2002) and
Markowitz et al. (2003). The similarity of the PSD shape
implies that the same variability mechanism operates in ac-
creting systems with an enormous black hole mass range
(10− 108M⊙). Furthermore, if the characteristic time-scale
increases linearly with the black hole mass, then the main
factor which determines the variability properties of the ac-
creting black hole systems could simply be the size of the
X–ray emitting source. As the black hole mass increases, the
source size should increase as well. As a result time scales
should also increase, and it would take longer time for a
source to exhibit a fixed variability amplitude.
5.2 The energy spectrum and the lack of spectral
variability
The spectral analysis results of the RXTE data presented
in this work further support the idea that the same physi-
cal mechanism operates in both Seyfert galaxies and in their
higher luminosity counterparts, the radio-quiet quasars. The
best-fitting power law index of PG 0804+761 is consis-
tent with the average spectral slope of Seyfert 1 galaxies,
Γ ∼ 1.95 (Nandra & Pounds, 1994). The line energy sug-
gests emission by fluorescence in near-neutral material. The
equivalent width of the line is also consistent with the aver-
age value found by Nandra & Pounds (1994), from a fit of
narrow Gaussians to GINGA data of Seyfert 1 galaxies.
The lack of spectral variability is the only major dif-
ference that we find between the X–ray properties of PG
0804+761 and Seyfert galaxies. The 2 − 10 keV flux vari-
ations in Seyferts are almost always associated with corre-
lated spectral variations (e.g. Papadakis et al., 2002, and
references therein). Recent work on the spectral variability
of Seyfert galaxies suggest that the spectral variations is
the result of summing two components with different but
intrinsically non-varying spectral shapes(e.g. Taylor, Uttley
& McHardy, 2003, and references therein). In the case of PG
0804+761 we find that the 2 − 10 keV variability in occurs
with a constant spectral slope. It seems then that the X–ray
emission of PG 0804+761 is dominated by a single power law
component of variable normalization. Furthermore, this re-
sult suggests intrinsic luminosity variations in the absence of
associated variations of the properties of the “hot corona”
(assuming the currently favoured thermal Comptonization
models where hot electrons produce the X–rays by inverse-
Compton upscattering of soft, i.e. optical/UV, photons; Sun-
yaev & Titarchuk 1980; Haardt & Maraschi 1991). However,
these models also predict spectral slope variations. An in-
crease of the soft input photon flux will result in the reduc-
tion of the corona temperature, a steepening of the intrinsic
spectrum, and hence an increase in the 2−10 keV flux. This
response of the X–ray spectrum to the soft input photon
changes has already been observed in Seyfert galaxies (e.g.
NGC 7469, Nandra et al. 2000; NGC 5548, Petrucci et al.
2000). One possible scenario that can explain the absence of
spectral variations in PG 0804+761 is described by Haardt,
Maraschi & Ghisellini (1997) in the case of a pair dominated
Corona. If pairs dominate the scattering opacity of the hot
corona, then during flux variations within a factor of 2 or
so (the case of PG 0804+761) the spectral index is expected
be remain essentially constant.
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The corona is pair dominated in the case when the
“compactness” parameter, lc, is larger than ∼ 10. In the case
of the two-phase disc-corona model (e.g. Haardt & Maraschi,
1991), lc ∝ (LC/R), where LC is the overall X–ray luminos-
ity and R is the typical size-scale of the X–ray emitting
region. According to the variability results mentioned in the
previous section, if the main parameter that determines the
variability properties of AGN is the black hole mass through
the relation R ∝ MBH (see discussion in section 5.1) and if
LC ∝MBH then we would expect the ratio LC/R to remain
constant in Seyferts and quasars. The fact that the corona
could be pair dominated in PG 0804+761 but not in Seyfert
galaxies (where spectral index variations are observed) could
imply that L2−10keV is not an accurate indicator of the to-
tal X–ray luminosity in PG 0804+761 (for example the cut-
off energy in the X–ray spectrum could be higher than in
Seyfert galaxies). However, in this case, the agreement be-
tween PG 0804+761 and Seyferts shown in Fig. 2 should be
accidental. Another possibility is that the geometry of the
X–ray emitting region is different in PG 0804+761. Instead
of a single smooth corona, the X–ray region may consist
of numerous small regions above the disc (patchy corona).
In this case lc could be increased, hence leading in a pair-
dominated corona. Even if this is the case, if the absence
of intrinsic spectral variations is due to a pair dominated
corona, the energy spectrum of the source should extend up
to at least ∼ 500 keV, in contrast to the X–ray spectra of
Seyfert galaxies which are thought to show a high energy
cut-off at a few hundred keV.
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